Waveguide slots were extensively studied [1], [2] as radiators and couplers, and were recently used as an excitation mechanism, coupling the microwave power supported by the waveguide to an external radiator, such as a dielectric resonator antenna [3]. For such problems, an equivalent circuit model for the feeding structure, viz. the waveguide and the slot, can make the design process easier and more feasible, and it facilitates the transition from the element analysis to the array or periodic structure analysis through the use of powerful circuit simulators, such as Agilent Advanced Design System (ADS) [4] .
Introduction
Waveguide slots were extensively studied [1], [2] as radiators and couplers, and were recently used as an excitation mechanism, coupling the microwave power supported by the waveguide to an external radiator, such as a dielectric resonator antenna [3] . For such problems, an equivalent circuit model for the feeding structure, viz. the waveguide and the slot, can make the design process easier and more feasible, and it facilitates the transition from the element analysis to the array or periodic structure analysis through the use of powerful circuit simulators, such as Agilent Advanced Design System (ADS) [4] .
In this work, a generalized equivalent circuit model for waveguide slots is presented, where the slot is viewed as three separate structures, namely, an aperture in the host waveguide, a waveguide section (the wall thickness), and an aperture loaded by some external load. The aperture in the host waveguide is modeled as an LC combination, of which the element values are functions of the aperture dimensions and the parameters of the host waveguide only. The LC combination is coupled to the waveguide section by means of a transformer. In the special case of a slot coupler, the loaded aperture can be represented by an LC circuit. In general, however, the external load (the aperture and the external region) is modeled by some impedance, the value of which is determined by some algebraic manipulations on the pertinent MoM matrix.
The proposed equivalent circuit is superior to the model in [5] in that the parameters of the slot aperture equivalent circuit are not functions of the wall thickness or the load, and thus the model can be used to solve problems with various loads on the other side of the slot with the same parameters obtained for the aperture in the waveguide.
Equivalent Circuit Model
In order to extract the circuit model parameters for the slot aperture in the host waveguide, the symmetric problem of a slot coupling two identical waveguides is considered. It is important to notice that the circuit parameters that will be obtained are not limited to analyzing the special case of two identical waveguides and are indeed independent of the external load.
Following the same procedure outlined in [5] , the scattering parameters for the transverse broad wall slot coupler depicted in Fig. l(a) are computed, upon obtaining the MoM solution, as a ratio of the scattered to the incident field. The symmetry of the structure naturally suggests a symmetric equivalent circuit model, where every aperture (side) of the slot is modeled as an LC parallel combination, in contrast to the model proposed in [5] . The analysis of the circuit in Fig. l Using the value of Sll from the MoM solution at two frequency points, the equivalent inductance and capacitance of the slot aperture may be found using (1). Alternatively, the values of L and C may be obtained as an optimum solution for a number of frequency points. A similar procedure may be followed to determine the circuit parameters for the centered horizontal end wall slot coupler, the details of which are omitted for brevity. The values obtained for the inductance and capacitance of the waveguide slot aperture can thus be used in the analysis of other problems, where the external load is not necessarily another identical waveguide.
In the case of finite-thickness walls, a waveguide section of length t equal to the wall thickness is added to the equivalent circuit model as shown in Fig. l(a) for the case of the transverse slot coupler. Here, the transformer ratio T should be assigned a value that accounts for the change in impedance definition from one domain to the other. The transformer turns ratio may be estimated from the analysis of the T-junction problem shown in Fig. l(b) , where the secondary waveguide has the same cross-sectional dimensions as the slot, thus yielding the equivalent circuit in the same figure, .
Excitation of Arbitrary Load
Waveguide slots are often used to excite loads for which an equivalent circuit might not be easily constructed in contrast to waveguide loads. Thus, a general approach is to assume that this load is modeled by the MoM matrix, for which the order is equal to the number of unknowns on the slot. Assuming that the excitation (the tangential magnetic field on the lower surface of the slot loaded aperture) is known, then the problem for the external load shown in Fig. l(c) may be reduced to matrix form using the standard MoM procedure as
where yext and I are the MoM matrix and excitation vector, respectively. Only one of these unknowns (voltages) needs to be incorporated in the circuit to model the load as per the compensation theorem, or equivalently a load impedance that will maintain the same load voltage in the circuit.
Assuming that the center unknown (voltage) VN+1 is an appropriate representation of the external load, the solution of (3) provides a good estimate for the load impedance as ZL = ze N+1 (4) 2 2 where zext = (yext)-1 and N (odd) is the number of unknowns on the slot. However, to take into consideration the interaction between the slot voltages, and assuming that the excitation is almost uniform for transverse slots, a better estimate for the load impedance may be computed as the average of the center row of Zet, i.e., An example where the load is not modeled using lumped circuit elements is that of waveguide slots radiating in free-space or exciting another radiator, such as a dielectric resonator antenna. Fig. 2(c) compares the scattering parameters of a transverse slot radiator obtained using the circuit model and the MoM solution of the whole problem.
For problems involving slot arrays, expressions for the circuit model parameters as functions of the slot length and width were obtained using interpolation and curve-fitting techniques. These expressions were used to facilitate the analysis and design of a variety of problems involving slot arrays. Using the optimization feature in ADS [4] with the slots dimensions being the optimization parameters, and the equivalent circuit parameters tied to the slot dimensions using the obtained expressions, the slot dimensions can be determined. Results for such cases will be presented.
Conclusion
An LCT equivalent circuit model for waveguide slots was proposed and results obtained from the circuit analysis exhibited very good agreement with the full-wave solution over the entire frequency band of interest. The use of this model to solve a variety of waveguide coupling and radiation problems was illustrated by the analysis and design of a number of waveguide slot-based structures. Problems involving slot arrays were also considered, where the formulas for the slot parameters were employed to facilitate the synthesis problem. 
